Introduction
Inorganic EL devices are widely expected for the high brightness and high color purity. In this paper, phosphor nanoparticles, which the luminescent efficiency could be increased drastically by the quantum confinement effect, were focused [1] . CdSe/ZnS [2] [3] [4] , CdSe/CdS [5, 6] nanoparticles have been widely attracted attention as phosphor materials. We have prepared CdSe, ZnS:Mn 2+ nanoparticles by a break down method, namely ball-milling method, and nanopriticles with quite well optical properties were achieved [7, 8] . This method is a simple method, and it would be suited to mass production.
CdSe nanoparticles are harmful to human bodies and require rigorous control of particle size under 10nm to tune the fluorescence color and its wavelength [9] . Ternary sulfide phosphor such as Ba 2 ZnS 3 :Mn, SrGa 2 S 4 :Eu, BaAl 2 S 4 :Eu was proposed to be novel phosphor nanoparticle materials. Emission wavelength of these phosphor nanoparticles will be independent of the particle size since the doped impurities will be the origin of the fluorescence. Another advantage of these materials is that no harmful element such as cadmium was contained in the particle.
In this paper, these nanoparticles were prepared by the ball-milling method. Additionally, the optical properties of those nanoparticles were improved by a post annealing technique or by a formation of the shell layer over the nanoparticle.
Experimental
Ba 2 ZnS 3 :Mn, SrGa 2 S 4 :Eu, and BaAl 2 S 4 :Eu starting powder was comminuted, down to the nanometer size. The milling was performed with a planetary micro milling machine in a stainless-steel pot with mixing the starting powder and ZrO 2 balls. Post-annealing of the milled particles was performed in a vacuum for 3 hours using a high vacuum gas replacement furnace. The annealing temperature was varied from 480 to 800 o C. Prepared nanoparticles and a zinc compound was mixed in an alcohol and chemically reacted to form the coating layer and establish core/shell nanoparticles.
The size distribution and mole fraction ratio of the milled particle were evaluated using transmission electron microscopy (TEM) and TEM-energy-dispersive X-ray spectroscopy (EDX) observations.
The photoluminescence (PL) properties of the nanoparticles were evaluated by irradiating the nanoparticles dispersed in solvents using a He-Cd laser (Ex: 325nm) at a room temperature.
Results and discussion 3.1 Synthesis of the nanoparticles
The size distribution of the milled particles was studied using TEM. Figure 1 shows a TEM image of the BaAl 2 S 4 :Eu nanoparticles. Milled particles were singlydispersed, and their size was mostly sevelal nanometers. Particle size distribution data showed the average particle diameter was about 2.4nm, which agreed well with the TEM observation results.
Additionally, TEM-EDX measurement was applied for several individual nanoparticles, and it was demonstrated that severalnanometer-size BaAl 2 S 4 :Eu nanoparticles were achieved by the ball-milling method without affecting the crystal structure nor the stoichiometry.
Similarly, severalnanometer-size Ba 2 ZnS 3 :Mn and SrGa 2 S 4 :Eu nanoparticles were achieved while maintaining the stoichiometrily. The fluorescent peak wavelength of Ba 2 ZnS 3 :Mn, SrGa 2 S 4 :Eu, and BaAl 2 S 4 :Eu nanoparticles were 630, 530, and 480 nm, respectively. The peak wavelength was the same as that of the starting powder.
Annealing of the milled nanoparticles
Because of the large specific surface of nanoparticles, so many defects would act as 'luminescence killers'. The nanoparticle milled by the mechanical milling such as the ball-milling method would introduce even more damages. Annealing treatment was performed to cure the damages and improve the crystallinity and fluorescence intensity. Figure 2 shows the PL spectra of SrGa 2 S 4 :Eu nano- The improvement of the fluorescence intensity by the annealing was attributed to the fact that defects of nanoparticles formed during the comminution were cured by the annealing. Meanwhile, TEM observation indicated the size and dispersibility of nanoparticles stay unchanged against the annealing treatment. It could suggest that the improvement of luminescence intensity was likely due to the improvement of the crystallinity but not due to the alteration of the particle size.
Synthesis of ternary compound sulfide nanoparticles

Nanoparticle coating process by ZnO
Nanoparticle coating processing using ZnO was performed, and TEM-EDX mapping showed that the core/shell structure was clearly formed. Almost all ZnO coated nanoparticles exhibited unchanged PL spectra, but some ZnO coated nanoparticles showed a slight peak intensity decrease. It would be due to the fact that ZnO coating layer have absorbed the excitation light. Figure 3 shows the luminescence intensity of Ba 2 ZnS 3 :Mn and Ba 2 ZnS 3 :Mn/ZnO nanoparticles as a function of the time.
Statistical change in the fluorescence intensity of the nanoparticles was observed in the range of several hundred hours at the room temperature. As shown in Fig.3 
Summary
Ba 2 ZnS 3 :Mn, SrGa 2 S 4 :Eu, and BaAl 2 S 4 :Eu nanoparticles were prepared by the ball-milling method. Several-nanometer-size stoichiometric nanoparticles were achieved.
The annealing near the calcinations temperature of starting powder showed the most cured PL. ZnO coated nanoparticles exhibited an improved chemical stability. 
